The sialylation of the lipooligosaccharide (LOS) of Neisseria meningitidis is mediated by the LOS sialyltransferase enzyme encoded by the lst gene. PCR using four sets of primers that targeted to different regions of the lst gene was used to survey the distribution of lst in different serogroups and LOS immunotypes of N. meningitidis as well as other Neisseria species. While the lst gene was found in N. meningitidis strains regardless of their capsular serogroup and LOS structures, the gene is also found in N. gonorrhoeae, N. lactamica, N. polysaccharea, and N. subflava biovar subflava. The presence of the lst gene in these organisms and the sialylation of their LOS antigens were discussed. ß
Introduction
Pathogenic Neisseria species produce lipooligosaccharide (LOS) with diverse structural and antigenic heterogeneity [1] , and many such structures have been shown to bear molecular mimicry to host glycosphingolipids [2] . Sialylation of the pathogenic Neisseria LOS contributes to the ability of microorganisms to resist complement-mediated serum bactericidal activity [3] . However, sialylation of the terminal galactopyranosyl residue of the lacto-N-neotetraose K-chain in the pathogenic Neisseria LOS is variable, and is dependent on the strain and growth conditions [4] . In addition, for Neisseria species to produce sialylated LOS, three requirements have to be met [5] . First is the presence of the lst gene which is responsible for synthesis of the Lst enzyme. Second is the availability of the CMPsialic acid substrate either through the cell's ability to synthesize it or through the presence of the substrate in the environment. Third is the presence of the lacto-N-neotetraose structure as a receptor in the bacterial LOS for the Lst enzyme to deliver the sialic acid residue to. Absence of any of these three factors would result in the lack of sialylation of the LOS. The complete lst gene is 1113 bp in length and resides between two genes which are unrelated to LOS biosynthesis but have sequence homology to isocitrate dehydrogenase and cytochrome cP [6] . The recombinant Lst enzyme is about 41 kDa in size and has been reported to be synthesized constitutively as a membranebound enzyme, not regulated by the type of carbon source in the growth environment, and is not sensitive to catabolite repression [7] .
Unlike previous studies which examined either the presence of the enzyme Lst by measuring its enzyme activity [5] or the presence of the sialylated LOS which is the ¢nal product of the enzyme function [8] , we approached this by a genetic method to survey for the presence of the lst gene in di¡erent Neisseria species using a PCR assay which targets di¡erent parts of the gene. By this method, we also wish to examine if there are segments of the lst gene which may serve as unique markers for N. meningitidis in view of the sequence divergence reported between the lst genes in meningococci and gonococci [6] and the presence of the Lst enzyme in N. lactamica [5] .
Materials and methods

Bacterial strains
Prototype strains representing the di¡erent serogroups and LOS immunotypes of N. meningitidis (Table 1) and strains of other Neisseria species (Table 3) were from the culture collections of the authors' laboratories. Clinical isolates of N. meningitidis were supplied by the di¡erent Provincial Public Health Laboratories in Canada and had been studied using methods described before [9] .
DNA primers and PCR conditions
Four sets of PCR primers that targeted di¡erent parts of the lst gene (Table 2) were selected from published sequences of N. gonorrhoeae F62 and N. meningitidis strains 126E, 406Y, and MC58. DNA templates were prepared either with DNAzol (Molecular Research Center, Inc., Cincinnati, OH, USA) or by boiling a loopful of the bacteria in 0.5 ml of sterile water for 10 min. PCR was performed in a 50 Wl reaction of PCR bu¡er (20 mM Tris^HCl pH 8.4 with 50 mM KCl) containing 1 mM MgCl 2 , 200 WM dNTPs, 0.3 WM primers, 2.5 U Taq polymerase and 1 Wl of template DNA. After 4 min of denaturation at 94³C, 30 cycles of ampli¢cation were performed with 1 min of denaturing at 94³C, 1 min of annealing at 62³C, and 2 min of extension at 72³C, followed by a ¢nal step of 5 min of elongation at 72³C.
Indirect ELISA to test for sialylation of LOS in bacteria
A modi¢ed method for serotyping of meningococci [10] was used with digoxigenin-labelled Maackia amurensis (MAA) lectin which is speci¢c for the sialic acid K2,3-galactose L1,4-N-acetylglucosamine/glucose sequence [11] , and horseradish peroxidase-labelled anti-digoxigenin antibodies (Boehringer Mannheim Biochemica, Germany).
Results and discussion
Presence of the lst gene in N. meningitidis and other
Neisseria species
Using four sets of PCR primers that target to di¡erent parts of the lst gene, PCR amplicons of expected sizes were obtained from DNA templates prepared from prototype strains of N. meningitidis representative of all 13 different serogroups and 12 di¡erent LOS immunotypes. A representation of the PCR products from each of the four primer sets is shown in Fig. 1 .
Fifty clinical isolates (12 strains were isolated from cerebrospinal £uid, 30 strains were isolated from blood, and eight were from non-sterile sites or unknown sources) of N. meningitidis obtained from 45 individuals across seven di¡erent Provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Ontario, Quebec, and New Brunswick) in Canada were included in this study. These strains tested included 15 serogroup B, 15 serogroup C, eight serogroup Y, eight serogroup W135 and four which were serologically non-groupable, and presented a wide variety of serotype (2a, 4, 14, 15) and serosubtype (P1.1, 2, 5, 6, 7, 9, 13) antigens. Regardless of their source or antigenic formula, all 50 meningococcal strains tested were positive for the lst gene by PCR with each of the four sets of primers used.
This ¢nding clearly demonstrated that the lst gene sequence is found in many and possibly all N. meningitidis strains regardless of their serogroup, serotype, serosub- type, and LOS speci¢city as well as their association with invasive meningococcal diseases. Serogroups of meningococci which are not frequently associated with diseases (such as serogroups D, H, I, K, L, X, Z, and 29E) appeared to carry the lst gene too. Also apparent from the results is that all the lst genes in N. meningitidis strains examined in this study may be conserved or similar since all strains gave the same PCR products with each of the four sets of PCR primers that target di¡erent regions of the gene. When PCR was performed on other Neisseria species and Branhamella catarrhalis (Table 3) , lst genes were detected in only N. gonorrhoeae, N. lactamica, N. polysaccharea, and N. sub£ava biovar sub£ava. PCR amplicons of size identical to those from N. meningitidis were obtained from these strains with each of the four sets of primers used, with the exception of N. gonorrhoeae F62, which gave PCR amplicons with the F1R1, F2R2, and F3R3 primers but not with the F3R5 set of primer. The lst gene sequence from N. gonorrhoeae F62 showed 8 bp mismatch (38% di¡erence) within the 21-bp R5 primer site region when compared to N. meningitidis, while 100% homology was found within this primer site region from three di¡erent meningococcal strains [6] .
It is interesting to note that in N. gonorrhoeae and N. lactamica, Lst enzyme activities had been demonstrated in their sonic lysates by their ability to e¡ect the transfer of [ 14 C]sialic acid from CMP-sialic acid to the lacto-N-neotetraose structure of either their own LOS or an exogenous LOS [5] . In agreement with this observation, the present ¢ndings con¢rmed the presence of the lst gene in these two Neisseria species, and in N. polysaccharea and N. sub£ava biovar sub£ava as well. The fact that the lst gene in N. lactamica, N. polysaccharea, and N. sub£ava biovar sub£ava can be ampli¢ed by the four di¡erent sets of PCR primers suggested a high degree of sequence homology existing between these lst genes. In contrast, the lst gene from N. gonorrhoeae F62 was ampli¢ed by only three of the four sets of PCR primers, suggesting some sequence divergence which does not appear to a¡ect the function of the enzyme as reported previously [6] . Whether strains of N. polysaccharea and N. sub£ava biovar sub£a-va, which have been found to harbor the lst gene, actually produce the Lst enzyme awaits further studies.
Sialylation of LOS in di¡erent serogroups of
N. meningitidis and in other Neisseria species N. meningitidis strains which synthesize CMP-sialic acid (namely those in serogroups B, C, Y, and W135) were found to express structures on their cell surface reactive with the lectin MAA suggesting the presence of K2,3-linked sialic acid residues (Table 4) . N. gonorrhoeae, N. lactamica, N. polysaccharea, and N. sub£ava biovar sub£ava, although shown to contain the lst gene, did not appear to produce sialylated LOS, at least in vitro without addition of exogenous CMP-NANA. The same was true for those N. meningitidis strains not known to produce sialic acid-containing capsules: lack of sialylation of LOS despite presence of the lst gene. In the case of N. meningitidis, N. gonorrhoeae, and N. lactamica, active Lst enzymes have been demonstrated in these bacteria. What is not known is whether N. polysaccharea and N. sub£ava biovar sub£ava that were shown to carry the lst genes actually produce active Lst enzyme and/ or have the lacto-N-neotetraose structures in their LOS to serve as a receptor for the sialic acid residue. Production of an active Lst enzyme, presence of the enzyme substrate (CMP-sialic acid) as well as possession of the receptor structure for sialic acid in the LOS are prerequisite for successful sialylation of this cell surface structure in these strains.
The universal presence of the lst gene in meningococci may serve as a useful diagnostic marker for the detection of this pathogen in sterile clinical specimens such as blood and cerebrospinal £uid. False positives due to the presence of the lst gene in N. gonorrhoeae, N. lactamica, N. polysaccharea, and N. sub£ava are unlikely as these organisms are not part of the normal £ora on the skin. N. lactamica, N. polysaccharea, and N. sub£ava are all part of the normal £ora of the human nasopharynx [12] , especially in healthy children. 
